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Abstract  
In investigating seismic response of the structures through time history analyses in linear and 
nonlinear state, estimating the damping of the structure is of a high significance. Rayleigh damping is 
mostly used by the users among software which are used for dynamic analyses of structures. Rayleigh 
Damping involves the combination of two terms: the appropriateness of the structure as well as its 
stiffness. Stiffness of the structures also includes elastic stiffness and stiffness of the structure in a non-
linear state. This article has tried to investigate the effect of different damping matrixes in the seismic 
analyses of the bending frames. The findings show that the use of Rayleigh damping in estimating 
different seismic responses such as relative changes in position, basic cut and ceiling acceleration will 
lead to inappropriate responses.  
Keywords: Dynamic response, Rayleigh damping, bending frame, the appropriateness of the 
structure, stiffness appropriate 
Introduction  
One of the objectives of performance based seismic design is to determine the damage degree of 
the buildings. On the other hand estimating the degree of damage requires an accurate estimation of 
required parameters such as the movement and the acceleration of the floors. One of the most accurate 
methods to estimate the required engineering parameters is nonlinear analyses of response history. The 
History of nonlinear response analyses requires a computer program which represents an expected 
behavior of the structure in both linear and nonlinear district. On the other hand, the most important 
factor in estimating structures response in time history analyses is the applied Damping model. As a 
result, correct modeling and using appropriate damping model is of a high importance. Damping is 
considered as a dissipation source of Energy in the structure. One of the most common approaches in 
damping modeling is through using Rayleigh damping model which will be elaborated in the next part. 
Given that Modeling has a considerable impact on estimating major engineering parameters such as 
damping force, floor acceleration, etc, Rayleigh damping model should be implemented perfectly. The 
importance of this issue has been known in the past two decades and many researchers have done a lot 
of works in this regard which will be referred to in the following parts. Léger and Dussault (1992) 
revealed that choosing damping model has a considerable effect on the amount of hysteric energy due 
to structure damage. In another study Bernal (1994) showed that unrealistic damping forces (Incorrect) 
are probably coming from small inertia of DOFs in nonlinear systems. In fact, he believed that the 
absence of mass in DOFs Leads to a sudden change of speed with stiffness change that finally leads to 
large viscous damping forces. A solution to avoid false damping caused by lack of the mass in DOF is 
to assemble damping matrix through limited stiffness matrix. Hall (2006) had focused on practical 
situation which the use of Rayleigh damping led to unreal damping forces. He has also recommended 
limited viscous damping formulation (Capped ) to solve some of the stated problems. It is also stated in 
this article that tangent stiffness should not be used to construct Rayleigh damping. Charney (2008) 
firstly investigated the overall stiffness changes in seismic response of a five- floor building that had 
used Rayleigh damping. Then the effects of stiffness changes were investigated on seismic response of 
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the same structure. He finally concluded that Rayleigh damping based on tangent stiffness lead to better 
results. According to Zareian and Medina (2010) each element with a balanced combination of an 
elastic element with an appropriate damping, the initial stiffness on either sides of the element has been 
modeled. With this strategy they believed that:                                                        
1. When significant changes occur in the stiffness values, instability of numeric response 
become inevitable because the initial stiffness matrix is used in damping model.                                   
2. The parts of the structure, the unrealistic damping force is not created because the appropriate 
stiffness part does not exist in damping model  
In another study, Jehel and colleagues (2014) have considered four types for Rayleigh damping 
model:  
1.Rayleigh coefficients, the stiffness matrix was set before dynamic analyses.                                
2. Rayleigh coefficients were adjusted once at the beginning of dynamic analyses but tangent 
stiffness matrix K (t) was adjusted in each step. 
3. Both Rayleigh and coefficients stiffness matrixes were updated each time step (modified), 
respectively. (This is not used much in practice)  
4. Rayleigh coefficients were set once and reduced stiffness matrix K r 0 was used 
We believe that calculated damping forces have to be compared with other resistance forces in 
the system in order to ensure that there exist no unrealistic damping forces. In fact, even if the damping 
ratio is controlled well in seismic analysis, Rayleigh damping still lacks physical evidence and there is 
no guarantee that the actual damping forces are properly modeled.                                     
According to previous researches, it can be claimed that Rayleigh damping model has led to 
different results depending on where (practical Location) and under what conditions is it implemented. 
With respect to the investigations which have taken place so far, there does not exist a classified 
general idea about modeling and Rayleigh damping effects. The aim of this study is to provide a 
classification of steel frame structures in order for the experts to use a valid model applied in their 
project.  
Rayleigh damping  
Rayleigh damping is a kind of damping in which linear combination is used from size and 
stiffness appropriateness. Rayleigh damping relationship is as follows:  
D=M+K                                                                                                                                  (1) 
In equation (1), D, M and K are damping matrixes, mass and stiffness. α And β are the 
coefficients with s and s1dimensions respectively. Damping ratio for n mode is calculated as 
follows:     
1
2 2n nn
                                                                                                                           (2) 
ω n is the n Frequency. α And β Coefficients Can be determined through damping ratio of  ξ i 
And ξ j For i and j  modes with frequency of ω i And ω j. Suppose that the mode of i and j  have same 
damping ratio ( ξ ). α And β can be calculated through equation number 3 and 4  
  2 i j
i j
                                                                                                                                 (3) 
 2
i j
                                                                                                                                 (4) 
In this study the stiffness matrix has been compared in damping equation with three different 
modes: (K init) The initial stiffness matrix, (K comm) the stiffness matrix of last analysis, and  
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 (K curr) updated stiffness in each time step. 
Frames Modeling  
Three steel frames, three, six and ten floors were used in this study. Figures 1, 2 and 3 show a 
view of the modeled frame. To design these models, steel materials (st – 37) with resistance of 2400 
kg/cm 2 were used.  
 
Figure 1: Three- floor frame 
 
Figure 2: Six- floor frame 
 
Figure 3: Ten- floor frame 
Three, six, and ten floor buildings have been selected in order to investigate the effects of 
seismic required parameters with distinct frequencies.  The details of two dimensional models of 
buildings were created in Openness environment. The elements of the structures were modeled through 
pillar elements based on power and fiber section. p-Δ effects were also considered in all analyses as 
well as ignoring  soil-structure interaction. Vibration mode Period for the three-floor building turned 
out to be 1/1 seconds, for the six-floor building turned out to be 1/6 seconds and for the ten-floor 
building turned out to be 10 seconds. For analyzing nonlinear response history, Tabas earthquake was 
modeled and applied to the structure. In this study damping is modeled through using seven different 
damping models:  
1. The appropriate damping mass 5% namely   D = αM  
2. Rayleigh damping based on initial stiffness 5% Namely D = αM + βK init       
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3. Rayleigh damping based on stiffness of the last phase 5% Namely D = αM + βK comm  
4. Rayleigh damping based on updated stiffness at each stage 5% Namely D = αM + βK curr  
5. Damping of stiffness appropriateness based on initial stiffness 5% Namely D = βK init  
6. Damping of stiffness appropriateness based on last phase of analyses 5% Namely D = βK 
comm                                                    
7. Damping of stiffness appropriateness based on updated stiffness at each stage time 5% 
Namely D = βK curr                                            
For this reason, the damping ratio of 5% is used in the analyses of history responses which was 
considered as a common damping ratio in regulations. 
The results of nonlinear dynamical history analysis  
The analyses of nonlinear response history were performed to estimate the effects of different 
damping models in estimating the required seismic parameters’ evaluation. The investigated parameters 
are as follows: maximum displacement of the floors, maximum acceleration of the floors, Basic cut, 
and damping power of the floors and the levels of damping force to the Basic cut. The reason to choose 
these parameters can be defined as large displacement with damage to the system of the structure. The 
acceleration of the floors is also investigated this way. The amount of damping force to the Basic cut is 
investigated in order to identify models that are potentially resulting in unreasonably large damping 
forces.   
Damping force  
Figures 4, 5 and 6 respectively show the obtained damping forces through different damping 
models. The figures show that the damping force for the three, six, and ten-floor buildings are similarly 
affected by damping model. With respect to the charts below, we conclude that the three modes of 
initial stiffness, the stiffness of the last phase and the updated stiffness at each time had almost the 
same result in all three buildings. So we can say that Rayleigh  damping models based on the initial 
stiffness, based on the last phase of the analyses, and based on updated stiffness had the same damping 
force. Damping stiffness model based on initial stiffness, appropriate damping stiffness based on the 
last stiffness stage of analyses and appropriate stiffness damping based on updated stiffness at each 
stage have the same results as well. Changes of damping force to basic cut with damping models for 
three, six and ten- floor buildings are similar, but this similarity is more evident in six and ten- floor  
buildings. As you can see from the charts for all three structures at all Rayleigh damping levels that led 
to the most force in comparison with damping force on base cutting. It is worth mentioning that mass 
damping leads to minimum ratio.  
 
Figure 4: The damping force on bases cut of steel frame three-floor for different damping models 
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Figure 5: The damping force on base cut of steel frame six-floor for different damping models 
 Figure 6: The damping force on base cut of steel frame ten-floor for different damping models 
On the other hand, in the lower floors the behavior of Rayleigh damping model is close to the 
behavior of damping model stiffness appropriate but in upper floors the behavior of this model was 
close to the behavior of mass appropriate damping model. It is clear in all structures that by moving 
toward the upper floors Rayleigh   damping models and proportional damping stiffness are reduced 
compared to the damping force to basic cut. Therefore, it can be claimed that the first floor has the 
most damping force on basic cut but it is different for the appropriate stiffness damping model. 
Floors displacement 
Figures number 7, 8 and 9, respectively show the displacement of obtained floors from 
analyzing nonlinear response history for three, six and ten floors buildings respectively. These figures 
show that the displacement of three, six and ten floors buildings is similarly affected by damping 
model. According to the charts it is clear that in all three buildings, all damping models had similarly 
the same results in lower levels but as moving toward upper levels, the displacement chart is more 
affected by the applied damping model. It is worth mentioning that the last floor in each building has 
the most differences in damping models. Therefore, it can be concluded that in all three buildings as 
well as all floors the behavior and the results of damping model is similar to Rayleigh model mass 
appropriateness. As previously noted, in the lower floors of the structures all damping models are 
having a similar result from floor displacement. We can conclude that if displacement design of the 
floors is more importance than other engineering parameters the selection of kind of damping model is 
applied. There are three states as investigating damping model parameters including initial stiffness, the 
stiffness of the last phase, and the updated stiffness in each time step which have similarly the same 
results in all floors for all three buildings. Therefore, it can be noted that Rayleigh damping model 
based on initial stiffness, the stiffness of the last phase, and the updated stiffness in each time step had 
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the same the behavior and displacement. Rayleigh models of stiffness appropriate based on initial 
stiffness, Rayleigh of stiffness appropriate based on last phase stiffness and the updated stiffness in 
each time step had also the same behavior and results.  
 
Figure 7: Floor displacement of steel frame of three floor buildings for different damping models 
 
Figure 8: Floor displacement of steel frame of six floor buildings for different damping models 
 
Figure 9: Floor displacement of steel frame of ten floor buildings for different damping models 
Floor Acceleration  
Figures number 10, 11 and 12 respectively show the acceleration of obtained floors from 
analyzing nonlinear response history for three, six and ten-floor buildings respectively. These figures 
show that the acceleration of three, six and ten -floor buildings is similarly affected by damping 
models. According to the charts it is clear that in all three buildings, Rayleigh damping models and 
damping model of stiffness appropriateness have similar results. It is worth mentioning that damping 
model of mass appropriateness causes the most floor acceleration. It can also be claimed that in both 
three and six -floor building, as we move toward the upper floors the behavior of three Rayleigh 
damping models, mass appropriateness , and stiffness appropriateness get closer to each other as well 
.Therefore, it can be concluded that acceleration in lower floors  is more than upper ones. There are 
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three states in investigating damping model parameters including initial stiffness, the stiffness of the 
last phase, and the updated stiffness in each time step which has similarly the same results in all floors 
for all three buildings. Therefore, it can be noted that Rayleigh damping model based on initial 
stiffness, the stiffness of the last phase, and the updated stiffness in each time step had the same 
behavior and acceleration. Rayleigh models of stiffness appropriate based on initial stiffness, Rayleigh 
of stiffness appropriate based on last phase stiffness and the updated stiffness in each time step had also 
the same behavior and results.  
 
Figure 10: Floor acceleration of steel frame of three-floor buildings for different damping models 
 
Figure 11: Floor acceleration of steel frame of six-floor buildings for different damping models 
 Figure 12: Floor acceleration of steel frame of ten-floor buildings for different damping models 
Basic cut 
Figures number 13, 14 and 15 respectively show the basic cut of obtained floors from analyzing 
nonlinear response history for three, six and ten-floor buildings respectively. According to the charts it 
is clear that in all three buildings, damping models of mass had led to the most result as well as 
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Rayleigh model which led to the least basic cut result. It can also be claimed that in three-floor the 
damping model of mass appropriateness and stiffness appropriateness had the same basic cut but for six 
and ten floor buildings damping model of stiffness appropriateness  and mass appropriateness  get far 
from each other and have the least basic cut. Therefore, as we move toward the upper floors the 
behavior of damping models, mass appropriateness, and stiffness appropriateness get far from each 
other as well getting closer to Rayleigh damping model. The behavior of damping model of stiffness 
appropriateness in ten-floor building is more compatible with Rayleigh damping model.  
 
Figure 13: Basic cut of steel frame of three-floor buildings for different damping models 
 Figure 14: Basic cut of steel frame of six-floor buildings for different damping models 
 
Figure 15: Basic cut of steel frame of ten-floor buildings for different damping models 
As we move toward taller structures the difference between Rayleigh damping model and 
damping model of mass appropriateness increases. There are three states in investigating damping 
model parameters including initial stiffness, the stiffness of the last phase, and the updated stiffness in 
each time step which has similarly the same results in all floors for all three buildings. Therefore, it can 
  
Special Issue on New Trends in Architecture, Civil Engineering, and Urban Studies 
 
Openly accessible at http://www.european-science.com                                                                   136 
 
be noted that Rayleigh damping model based on initial stiffness, the stiffness of the last phase, and the 
updated stiffness in each time step had the same behavior and acceleration. Models of stiffness 
appropriate based on initial stiffness, damping of stiffness appropriate based on last phase stiffness and 
the updated stiffness in each time step had also the same behavior and results.  
Conclusion  
Through dynamic analyses of three, six, and ten-floor buildings', the findings are as follow: 
1. In all three buildings, every three states of initial stiffness, the stiffness of the final stage of 
analyses and updated stiffness at every time step have the same results. Therefore, it can be concluded 
that Rayleigh  damping model based on initial stiffness, the stiffness of the final stage of analyses and 
updated stiffness at every time step have the same behavior . Damping models of stiffness based on 
initial stiffness, proportional damping stiffness and damping proportional analyses based on the 
stiffness of the final phase at every step have the similar behavior and the results.  
2. In all three buildings Rayleigh damping have led to the most damping and mass proportional 
damping led to the least damping force. 
3. If the damping force is of particular importance to us, it can be said that in the estimation of 
this parameters in the lower floors the behavior of Rayleigh damping is close to the stiffness 
proportional damping model but in the upper floors the damping behavior of the model is similar to the 
mass proportional damping model.  
4. In estimating floors displacement on the lower floors of all three buildings, all damping 
models had the same results but as moving to the upper floors, it is more affected by the applied 
damping model. It is worth mentioning that damping model of stiffness proportional leads to the most 
movement in the floors but the Rayleigh damping model of this parameter and mass proportional had 
the same behavior.  
5. To estimate the acceleration in the building, Rayleigh model and proportional damping 
stiffness similar results and behavior, but this was different in mass proportional damping model and 
led to the most rapid movement of the floors.  
6. The acceleration of the lower floors in comparison with the upper ones is most affected by 
applied damping model. 
7. For all three buildings the damping model of mass proportional led to the most and Rayleigh 
damping model led to the lowest estimate of the base cut. Damping model of stiffness in the short 
building behaves like a model mass proportional damping, but as it is moving toward high buildings 
the behavior of this damping model gets closer to the behavior of Rayleigh damping model.  
References  
Bernal, D. (1994). Viscous damping in inelastic structural response. ASCE Journal of Structural 
Engineering, 120 (4), 1240-1254.  
Charney. F.A. (2008).Unintended consequences of modeling damping in structures. Journal of 
Structural Engineering; 134 (4), 581–592. 
Hall, J.F. (2006). Problems encountered from the use (or misuse) of Rayleigh damping. Earthquake 
Engineering and Structural Dynamics, 35, 525-545.  
Jehel, P., Leger, P., & Ibrahimbegovic, A. (2014). Initial Stiffness-based tangent versus Rayleigh 
damping in inelastic time history seismic Analyses. Earthquake Engineering and Structural 
Dynamics, 43, 467–484. 
Léger, P., & Dussault, S. (1992). Seismic-energy dissipation in MDOF structures. ASCE Journal of 
Structural Engineering, 118 (6), 1251-1267.  
Zareian F, & Medina RA. (2010). A practical method for proper modeling of structural damping in 
structural systems inelastic plane. Computers and Structures, 88, 45-53.  
